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ABSTRACT: 

PURPOSE: To record data with a high density and with a large capacity by 
recording the data in a thick recording material three-dimensionally one point 
by one point and reading it using a confocal optical system. 

CONSTITUTION: At a writing time, a laser beam is converged on the 
recording 

material using a LiNb03 crystal with a large refractive index through an 
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objective lens, and by a photorefractive effect, a change in the refractive 
index is generated only in the vicinity of the converged point of the laser in 
proportion to the differential value of the distribution of light intensity, 
and the data is recorded in the crystal. At this time, the data is recorded 
one point by one point while performing three-dimensional scan by moving the 
recording material in triaxial directions. At a reading time, the laser with a 
wavelength occurring no photorefractive effect of the LiNb03 crystal or the 
laser beam with weak intensity is converged on a part generating the change of 
the refractive index in the recording material 5 through the objective lens 3, 
and the reflected beam is detected by a point detector 7 arranged on the focal 
position of the lens 3, and the point data is read. Thus, the data with large 
capacity is recorded and write/read of the data is performed. 
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(57)Abstract: 

PURPOSE: To record data with a high density and with 
a large capacity by recording the data in a thick 
recording material three-dimensionally one point by one 
point and reading it using a confocal optical system. 
CONSTITUTION: At a writing time, a laser beam is 
converged on the recording material using a LiNb03 
crystal with a large refractive index through an objective 
lens, and by a photorefractive effect, a change in the 
refractive index is generated only in the vicinity of the 
converged point of the laser in proportion to the 
differential value of the distribution of light intensity, and 
the data is recorded in the crystal. At this time, the data 
is recorded one point by one point while performing > 
three-dimensional scan by moving the recording material 
in triaxial directions. At a reading time, the laser with a wavelength occurring no 
photorefractive effect of the LiNb03 crystal or the laser beam with weak intensity is converged 
on a part generating the change of the refractive index in the recording material 5 through the 
objective lens 3, and the reflected beam is detected by a point detector 7 arranged on the 
focal position of the lens 3, and the point data is read. Thus, the data with large capacity is 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 


1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] In the optical recording system which performs writing and read-out of data in the direction of 
a three dimension of the inside of the field of a record ingredient, and the depth direction The record 
ingredient which produces refractive-index change with incident light reinforcement, and the optical 
system which equipped the minute field in said record ingredient with at least one objective lens which 
condenses a laser beam, The optical storage approach and storage which are characterized by having the 
confocal optical system which detects the refractive-index change field in said record ingredient, and 
which was equipped with the point light source, the point detector or a pinhole and a detector, and the 
objective lens at least, and the scan means of 3 shaft orientations of said record ingredient. 
[Claim 2] It is the optical storage approach according to claim 1 and storage which are a means for the 
optical system or confocal optical system which condenses the aforementioned laser beam to be 
equipped with an optical beam scan means, and to scan said scan means in the depth direction at least. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the store method and storage to which data are 

optically made as for writing and read-out 

[0002] 

[A Prior art and its trouble] Mass memory is needed with advanced features of a computer in recent 
years, or the informational formation of many dimensions. In order to respond to this need, development 
of memory with a big capacity is furthered. Although mass memory is realized by optical storage 
equipments, such as a compact disk and a magneto-optic disk, it is difficult to enlarge storage capacity 
beyond this with these optical storage equipments. That is, as long as light is used for writing and read- 
out of data, the recording density per unit area is restricted with the diameter of a spot decided to the 
diffraction limitation of the wavelength to be used. Therefore, in order to realize the optical storage 
equipment of a bigger capacity, it is because area of a record medium (disk) must be enlarged. 
[0003] What is necessary is to record data not only in the inside of a two-dimensional flat surface but in 
the depth direction (the direction of an optical axis), and just to realize optical storage equipment with 
the three-dimensional structure, in order to realize bigger storage capacity, without enlarging area of the 
record medium (disk) of optical storage equipment. 

[0004] As three-dimension optical storage equipment The thing adapting a holography technique some 
are proposed (d'Auria L. --) J. P.Huignard and C. Slezak and and E.Spitz: Appl.Opt.Vol.13, 808-818, 
1974; P.J. van Heerden: Appl.OptVol.2, 393-400, 1963; Di Chen and J.D.Zook: Proc.IEEE Vol.63, 
1207-1230, 1975. These approaches record two-dimensional data (image) on a thick sensitive material 
as a hologram, many ~ the lighting direction of a reference beam is changed and multiplex record of the 
two-dimensional data of several sheets is carried out at the same hologram ingredient. 
[0005] There are the following troubles by the approach of recording data using holography. In order to 
read one two-dimensional data without a cross talk at a time among two or more two-dimensional data 
which carried out multiplex record, in case multiplex record is carried out, the lighting direction of a 
reference beam must be changed a lot, and must be recorded (L.d'Auria, J. P.Huignard, C. Slezak, 
andE.Spitz:Appl.Opt.Vol.l3, 808-818, 1974). Therefore, the multiplicity of multiplex record cannot be 
made high and storage capacity cannot be enlarged. Moreover, the source of coherent light is required 
for record and playback of holography. Therefore, coherent noises, such as an interference fringe of the 
shape of the speckled pattern resulting from the dust adhering to an optic etc. and a ring, are overlapped 
on a reconstruction image from a hologram. These coherent noises are SN of playback data ****. A 
ratio is reduced and the dependability of data read-out is reduced remarkably. 
[0006] It is data one point at a time to a record medium. Some three-dimension optical storage 
equipments to write in are also proposed (). [ D.A.Parthenopoulos and P.M.Rentzepis:Science Vol.245, 
843-844, ] [ 1989; ] S.Hunteer and F.Kiamilev, S.Esener, D.A.Parthenopoulos, and P.M.Rentzepis: 
Appl.Opt, Vol.29, 2058-2066, 1990; J.H.StricklerandW. W.Webb: Opt.Lett.Vol.16, 1780-1782, 1991. 
[0007] These write in data into a photopolymer using two photon absorption arising in proportion to the 
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square of optical reinforcement. First, laser light is condensed to a photopolymer. Since two photon 
absorption is produced in proportion to the square of optical reinforcement, two photon absorption arises 
only near [ where laser light reinforcement is big ] a focus, and the integrated state of a polymer 
changes. Therefore, the structure of a polymer changes only near the condensing point of laser, and a 
refractive index changes at the point. A polymer is scanned in three dimension and it records one data at 
a time in three dimension. The differential interference microscope is used for read-out of data. 
Refractive-index change on each point is detected, and data are read. 

[0008] The pulse laser of high power is required of the optical storage equipment using two photon 
absorption at the time of the writing of data, since [ moreover, ] the interference microscope is used for 
read-out of data -- read-out of the data of the direction of an optical axis (the depth direction) — 
resolution is decided by the depth of focus of a microscope. The depth of focus of the usual microscope 
is large, the data of the direction of an optical axis begin to read, and resolution is low. Moreover, since 
the image with which refractive-index change which exists in the location from which it separated from 
the focal location faded laps with the data of refractive-index change are changeful in a focal location, 
the read-out precision of data falls. Therefore, it is difficult to raise the recording density of the direction 
of an optical axis, and it also difficult to enlarge capacity. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to realize an 
optical recording system or a store method with high recording density and the mass three-dimensional 
structure. 
[0010] 

[Means for Solving the Problem] This invention is characterized by to have the optical system which 
condenses a laser beam, the confocal optical system which detects the refractive-index change field in a 
record ingredient, and a means perform the three-dimension scan in a record ingredient in the minute 
field in the record ingredient which produces refractive-index change with incident-light reinforcement, 
and a record ingredient in an optical recording system with the three-dimensional structure which 
performs writing and read-out of data in the direction of a three dimension of the inside of the field of a 
record ingredient, and the depth direction. 
[0011] 

[Function] In this invention, one data [ one ] is recorded on a thick record ingredient in three dimension, 
and those data are read using confocal optical system. 

[0012] Sensitive material from which a refractive index changes according to optical reinforcement, 
such as a photorefractive crystal, a photopolymer, dichromated gelatin, and a silver halide film, is used 
for the record ingredient of data. If laser light is condensed in such a record ingredient, a refractive index 
will change a lot in a condensing location. In parts other than a condensing point, since optical 
reinforcement is small compared with a condensing location, refractive-index change is small and can be 
disregarded. A laser beam is scanned, or a record ingredient is scanned in three dimension, and data are 
recorded in three dimension into an one-point one-point record ingredient. 

[0013] By the optical storage approach of this invention, it is 500 nm, for example. Data are written in 
using laser light and refractive-index change is 3 1mm of circumferences of a condensing spot. 
Supposing it is generated in the range, it is 1x1012 bit/cm3. Recording density is obtained. Still higher 
recording density is obtained using the objective lens of using the laser light of shorter wavelength, or 
high numerical aperture, by making small the field which refractive-index change produces using the 
record ingredient exposed nonlinear to laser light reinforcement, etc. 

[0014] as a record ingredient -- LiNb03, BaTi03, SBN, and Bil2SiO20 etc. -- the case where a 
rewritable photorefractive crystal is used random access memory (RAM) and read-only memory 
(ROM) ******„ an operation can be given. When the ingredient which cannot perform rewri tings, 
such as a photopolymer and dichromated gelatin, is used for a record ingredient, it is read-only memory 
(ROM). It uses, only by carrying out. 

[0015] In order to read the data written in three-dimension optical storage equipment, the confocal 
optical system of a reflective mold is used. The confocal optical system of a reflective mold has in a 
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field the resolution decided to a diffraction limitation, and has high resolution also in the depth direction 
(the direction of an optical axis). 

[0016] A point detector is used for a detector, both the light source and a point detector are formed in the 
image formation (focus) location of an account objective lens, and the confocal optical system of a 
reflective mold consists of read-out optical system of this invention. The light injected from the point 
light source is condensed on the record ingredient set on the focal plane with the objective lens. The 
light reflected in the field which the refractive-index change in an ingredient has produced passes along 
an objective lens again, and connects **** on a detector. Since both the point light source and a point 
detector are arranged in the focal location of an objective lens, the light reflected by refractive-index 
change which exists in the focal location of an objective lens among the data recorded in three 
dimension in the record ingredient reaches a point detector. However, image formation of the light 
reflected in the field which has produced refractive-index change which exists in the location from 
which it separated from the focal location of the light source and a detector is not carried out to a 
detector location, but it gives the intensity distribution which faded in the circle configuration there. 
Since a point detector detects only this quantity of light of one point of **** that faded, the contrast of 
the image of refractive-index change are changeful in the location from which it separated from the focal 
plane becomes very low. That is, a defocusing image disappears rather than fades. Therefore, if the 
confocal optical system of a reflective mold is used, it can read without the interference to the data 
(refractive-index change) recorded in three dimension in the ingredient from other data. In order to read 
another data, a record ingredient or a laser beam is scanned relatively. 

[0017] A point detector without space decomposition is used in data read-out of confocal optical system. 
Therefore, when the high light source of spatial coherence, such as a speckle pattern produced with the 
dust adhering to optics, such as a lens, with heterogeneous or the interference fringe on the ring 
depending on the structure and dust of a record ingredient near the focal location and an ingredient side 
is used, all the coherent noises that pose a problem are removed. That is, read-out of data with a high SN 
ratio can be performed, without being influenced of a coherent noise. 
[0018] 

[Example] The example of the data writing of this invention is shown in Fig. 1. This optical system 
consists of sensitive material 5 for recording laser 1, an objective lens 3, and data, a stage 4 movable to 3 
shaft orientations, and a shutter 13. 

[0019] Laser 1 is used for the light source. The light from laser 1 is condensed in the record ingredient 5 
with an objective lens 3. In the example, the case where a photorefractive crystal is used is considered as 
a sensitive material 5. Here, LiNb03 crystal 5 is used as a photorefractive crystal. As LiNb03 crystal 5, 
the refractive index in a crystal changes with photorefractive effects in proportion to the differential 
value of luminous-intensity distribution. Therefore, if incidence of the convergence light is carried out to 
LiNb03 crystal 5, since the optical reinforcement on an optical axis is proportional to the l/2nd power 
of the distance from a focal location, refractive-index change of a crystal is proportional to the l/3rd 
power of distance. That is, refractive-index change is produced only near the condensing point of laser. 
Data are recordable in a crystal with this refractive-index change. LiNb03 One-point one-point data are 
recorded putting a crystal 5 on the stage 4 movable to 3 shaft orientations upwards, and performing a 
three-dimension scan. In order to record binary data (0 or 1), a shutter 13 is opened and closed, and it is 
LiNb03. The laser light which irradiates a crystal 5 is controlled and data are recorded by the existence 
of refractive-index change within a crystal. The shutter which used liquid crystal and the electro-optical 
effect besides shutter 13 by the mechanical drive used by this example can be used for control of laser 
light. As a sensitive material 5, also when a photopolymer, dichromated gelatin, a silver halide film, etc. 
are used, data as well as a photorefractive crystal are recorded. 

[0020] Other examples of the writing of data are shown in Fig. 2. In this example, data are recorded on a 
high speed by beam scan. This optical system is the laser light source 1, the polygon mirror 8, a 
galvanomirror 9, an objective lens 3, and LiNb03. A crystal 5 and z It is constituted by the stage 10 
which can be scanned to shaft orientations, two or more relay lenses 1 1, and the shutter 13. The 
condensing spot of laser 1 has the inside of a focal plane (x-y inside of a field) scanned by the polygon 
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mirror 8 and the galvanomirror 9. This scan arranges a galvanomirror 9 and the poly GOMMI mirror 8 
to the pupil surface of an objective lens 3, and is performed by shaking a beam by both the mirrors 8 and 
9. The scan of the direction of an optical axis is z. It is LiNb03 on the stage 10 movable to shaft 
orientations. A crystal 5 is carried and it carries out by scanning this stage 10. By performing a beam 
scan with the polygon mirror 8 and a galvanomirror 9, record of data can be realized at a high speed. 
The scan of a beam may use which approaches, such as combination of a galvanomirror and a 
galvanomirror, and the approach of combining the approach, galvanomirror or polygon mirror which 
uses two polygon mirrors, and an acoustooptics component. 

[0021] The example of the read-out optical system of this invention is shown in Fig. 3. This optical 
system is constituted by LiNb03 crystal 5 with which laser 2, a beam splitter 6, an objective lens 3, and 
data were recorded, the point detector 7, and the stage 5 in which a three-dimension scan is possible. 
This optical system is equivalent to the confocal microscope of a reflective mold, and what detects the 
light which has arranged the pinhole for photodetection, using a point detector, and passed through the 
pinhole by that backside with a field detector is used. Both the light source (laser) 2 and the detector 7 
are arranged in the focal location of an objective lens 3. 

[0022] It is LiNb03 so that record data may not be destroyed in the light source for read-out The laser 
of the wavelength which the photorefractive effect of a crystal 5 does not produce is used. In using the 
writing of data, and the laser of this wavelength, it makes laser light reinforcement sufficiently small so 
that record data may not be destroyed. With record ingredients, such as a photopolymer, dichromated 
gelatin, and a silver halide film, since fixing processing after writing is performed, re-sensitization does 
not take place at the time of read-out. Therefore, a problem is not produced, even if it writes in at the 
time of read-out and uses the laser of the same wavelength as the time. 

[0023] It condenses into the part from which refractive-index change has produced the light from laser 
2, and the point detector 7 detects the reflected light from there. Since the light source 2 and the point 
detector 7 are arranged in the focal location of an objective lens 3, only the light reflected from 
refractive-index change which exists in the focal location of an objective lens 3 among the data written 
in in the crystal 5 reaches the point detector 7. From a focal location, image formation of the light 
reflected in the field which refractive-index change from which it separated has produced is not carried 
out to the location of a detector 7, and it is not detected in it. Therefore, it can read, without carrying out 
the mutual intervention of a certain data (refractive-index change) of one point recorded in three 
dimension to other data. 

[0024] Other examples of data read-out of this invention are shown in Fig. 4. In this example, data are 
read to a high speed by beam scan. This optical system is LiNb03 crystal 5 and z on which laser 2, the 
polygon mirror 8, a galvanomirror 9, an objective lens 3, and data were recorded. The stage 10 movable 
to shaft orientations, a beam splitter 6, the point detector 7, many relay lenses It is constituted by 1 1 and 
the image formation lens 12. Like said example of Fig. 2, the polygon mirror 8 and a galvanomirror 9 
perform the scan within the focal plane (x-y inside of a field) of the condensing point of laser, and the 
scan of the direction of an optical axis is z. It is LiNb03 on the stage 10 which can be scanned to shaft 
orientations. It carries out by carrying a crystal 5 and scanning a stage. By performing a beam scan, data 
can be read to a high speed. The scan of a beam may use which approaches, such as combination of a 
galvanomirror and a galvanomirror, and the approach of combining the approach, galvanomirror or 
polygon mirror which uses two polygon mirrors, and an acoustooptics component. 
[0025] 

[Effect of the Invention] By realizing the optical storage equipment to which data are made as for 
writing and read-out in three dimension, mass memory is realizable. Moreover, data writing and read- 
out of a high speed are realizable by scanning a beam. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the example of the data writing in this invention. 
[Drawing 2] It is the explanatory view showing other examples of the data writing in this invention 
using confocal optical system. 

[Drawing 3] It is the explanatory view showing the example of data read-out in this invention. 
[Drawing 4] It is the explanatory view showing other examples of data read-out in this invention using 
confocal optical system. 
[Description of Notations] 

1 Laser for Writing 

2 Laser for Read-out 

3 Objective Lens 

4 3 Shaft Stage 

5 Sensitive Material 

6 Beam Splitter 

7 Point Detector 

8 Polygon Mirror 

9 Galvanomirror 
lOZ-axis Stage 

1 1 Relay Lens 

12 Image Formation Lens 

13 Shutter 
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DRAWINGS 


[Drawing 1] 
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[Drawing 2] 


[Drawing 3] 
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